Sedimentation coefficients have been determined for fractionated preparations of whole and stripped (depleted of very lysine-rich histones and non-histone proteins) chicken erythrocyte chromatin fragments in 0-10 M urea. Significant differences in urea effects are observed between these preparations; differences which can be interpreted structurally by use of Kirkwood's dynamical theory of the translational frictional coefficient. This type of anal/sis implies that urea-induced chain-swelling in stripped chromatin is due largely to the urea effect upon the constituent v-bodies, whereas the much larger swelling observed in whole chromatin appears to involve also the effect of urea upon the region between adjacent v-bodies.
INTRODUCTION
It is now generally accepted that "the structural level immediately above DNA in eukaryotic chromatin is a repetitive "string of beads" array of nucleohistone subunits called v-bodies or nucleosomes (1, 2) . Changes in physical properties of chromatin with urea concentrations up to several molar have been observed in hydrodynamic (3) (4) (5) , spectroscopic (6) (7) (8) (9) (10) , low-angle X-ray scattering (11) , thermal denaturation (8, 9, 12) , electron microscopic (11, 13, 14) and nuclease digestion (15, 16) studies. Despite this wealth of information, the structural basis of urea-induced destabilization of chromatin remains imperfectly understood.
We have measured sedimentation coefficients of chicken erythrocyte chromatin over a urea range of 0-10 M. These preparations consisted of fractionated fragments of weight-average size approximately v,g as determined by sedimentation analysis of the constituent DNA, assuming 210 nucleotide pairs per subunit (17) (18) (19) . Both whole and stripped chromatin preparations were investigated, the latter depleted of the very lysinerich histones HI and H5, and probably of most of the non-histone protein complement as well.
EXPERIMENTAL
Chicken erythrocyte nuclei were digested for 5 min with micrococcal nuclease by the procedure described earlier by Olins et al. (20) . The degraded nuclei were lysed in 0.2 mM EDTA and centrifuged for 15 min at 12,000 X g. The supernatant was fractionated by ultracentrifugation on a sucrose gradient as described elsewhere (21) .
The stripped chromatin was prepared by further dialyzing the preparation overnight against 0.7 M KCI, 0.2 mM EDTA, and 0.1 mM phenylmethylsulfonyl fluoride (PMSF) immediately before the sucrose gradient fractionation steps. The size assay for the chromatin was based upon molecular weight of the constituent DNA as determined by sedimentation velocity (22, 23) .
RESULTS AND DISCUSSION
Experimental sedimentation coefficients for whole and stripped chromatin preparations are given versus urea concentration in Figure 1 . It is clear that the ureadependences of the sedimentation coefficients are significantly different between these two systems. Sedimentation data were corrected to s-,, on the basis of solvent viscosity and density only. Reliable buoyancy data are not yet available for the chromatin-urea systems; hence, the true urea-dependent partial specific volumes for Vj monomers (24) were used for both preparations. However, we do not believe that the large observed differences in urea effects between the whole and stripped chromatin can be attributed to differential buoyancy changes since the largest differences occur at the lowest urea concentrations.
If the differences between whole and stripped chromatin in Figure 1 are due to frictional rather than buoyancy factors, the theory of the translational frictional coefficient can be used to infer relative structural changes in this system. For this purpose, we model chromatin as a linear assembly of n v-bodies, each of hydrodynamic Calculations similar to these have been described by Andrews and Jeffrey (26) for certain general oligomeric structures, and by Shaw and Schmitz (27) to deduce chromatin structure from the molecular weight dependence of the sedimentation coefficient.
In this sort of treatment, all structural information comes from f(b). This, in turn, derives entirely from Kirkwood's approximate, linearized treatment of hydrodynamic shielding among the constituent beads of the model assembly. Thus, the method is highly approximate on theoretical grounds, and is further limited by its relatively low sensitivity to model structure and the ambiguity due to the fact that there is, in general, no unique correspondence between s c /s v values and specific geometrical structures.
With these caveats in mind, we feel nevertheless that the method can provide useful relative structural information, particularly when structural perturbations are likely to be quite dramatic, as appears to be the case in the work described here.
To interpret the data of Figure 1 in structural terms, we must first establish a reasonable conformational model. For present purposes, this can be done sufficiently well with sedimentation-molecular-weight dependence data. We have used the data of Noll and Kornberg (28) Table I , the n-dependence of f(n) is given in the form f(n) = Pn (see table) for whole and stripped chromatin respectively, but this preferential margin is considerably smaller than experimental error. On the other hand, the results definitely seem to rule out a random-flight flexible array as computed by Filson and Blcomfield (29) .
Some insight into the structural significance of the urea-dependence data of Figure 1 can now be obtained from equation 2a. For our present purposes, it is sufficient to base our calculations upon the rigid five v-bodies-per-tum helical model described above, although we emphasize that the model is somewhat arbitrary and the precise derails should not be taken literally. The calculations will be much more sensitive to relative changes in chain length and bead spacing due to urea, however, and we think it instructive to compare whole and stripped chromatin in this fashion.
Since we have defined xb as the center-to-center v-body spacing in the model, (x-1 )b is the effective mean spacer length. The ratio V'XQ, where xg is the value of x in the absence of urea, is shown in Figure 2 . This quantity decreases almost linearly between 0 and 6 M urea, and is virtually constant at higher urea for stripped chromatin. It increases non-linearly for whole chromatin over the entire urea range, however. r* is the bo-log correlation coefficient, e.g., r? ,. , , , evaluated at the In-tercept.
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If the vj monomers behave hydrodynamically as spheres, their sedimentation coefficients ^SJO w are P ro P ort ' ona l t0 'A>-Thus, the correspondence of (l20 w^( s 20 w^O ^°r v l monom *rs with X/XQ for stripped chromatin in Figure 2 implies that center-to-center v-body spacing in this system is virtually independent of urea over the range studied here; with increasing urea, x decreases in about the same proportion as b increases, hence the urea effect is mainly in the v-bodies. This would seem to indicate that the spacer regions shrink very nearly in proportion to the v-body swelling with urea in the stripped system. Whole chromatin, on the other hand, displays quite different behavior, and the sedimentation data in this case imply a considerable overall lengthening of the chromatin chain with increasing urea concentration.
The differences between whole and stripped chromatin observed in this study are evidently associated with the lysine-rich HI and H5 histones and possibly also with non-histone proteins. Our results are not sufficiently definitive to determine whether the urea effects in whole chromatin derive from chain expansion and conformational changes or from an increasing contribution of the spacer regions to the overall frictional coefficient. Since the differences are so dramatic, however, we believe that our results support the notion that these proteins are predominantly associated with the spacer regions rather than with the v-bodies in the chromatin chain. 
